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Abstract 

Introduction: The objective of this study was to evaluate the interaction between 
ozone oxidative preconditioning and the anesthetic ketamine on cytoplasmic 
nuclear factor kB (NF-kB) levels in a rat endotoxic shock model. 
Material and methods: Forty Wistar rats were randomly divided into 5 groups: 
I - control group; II - rats intraperitoneal^ (i.p.) treated with LPS; III - rats treated 
with LPS and then treated with ketamine; IV - animals pre-treated with 0 3 /0 2 
mixture for 5 days, then treated with LPS for 24 h followed by infusion with ke- 
tamine; V - 0 3 /0 2 pre-treatment, as described above for IV, followed by LPS infu- 
sion, and then 0.9% saline. In addition to histological examination of the liver, 
the levels of NF-kB were determined by SABC immunohistochemistry in each 
group. 

Results: Histological damage was observed in the lipopolysaccharide (LPS) group. 
It was characterized by hepatic disarray, hepatic lobule distortion, congestion 
of liver sinusoids, hepatocyte swelling and necrosis, and granulocyte infiltration. 
These changes were not obvious in the 0 3 /0 2 + LPS + ketamine group. The normal 
control group had low activity of NF-kB, but that activity was markedly increased 
in the LPS group (p < 0.05). The NF-kB level was significantly decreased in the 
0 3 /0 2 + LPS + ketamine group (p < 0.05) when compared with the ketamine- 
treated group, and was almost equal to the control group. 
Conclusions: We confirmed that the preconditioning effect of ozone enhances 
the biological effectiveness of ketamine by altering NF-kB activity, which may 
play an important role in sepsis-induced liver injury in rats. 

Keywords: ketamine, ozone, liver injury, nuclear factor kB, rat, sepsis. 



Introduction 

Sepsis is a complication related to extensive trauma, shock, and major 
surgery, often leading to multiple organ failure and death. It can be acti- 
vated by infection with Gram-negative bacteria, and it frequently activates 
a series of signal-transduction pathways, which lead to an excessive inflam- 
matory reaction [1], It is well known that numerous cytokines are induced 
by inflammation, and the network (or cascade) triggered is rather complex. 

Nuclear factor kB (NF-kB) represents an important group of regulators 
in a broad range of genes involved in cellular responses to inflammatory 
signals [2]. As a pro-inflammatory transcription factor, it can bind to specific 
sequences in the promoter regions of many pro- inflammatory genes (such 
as TNF-a and IL-6) which are important in inducing the acute inflamma- 
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tory response associated with critical illnesses [3]. 
Consequently, NF-kB occupies a central role in mo- 
dulating immu no- regulatory responses, in both ani- 
mal models and clinical practice. The NF-kB was an 
important factor in the development of liver diseases. 
In the development of hepatic inflammation, acti- 
vation of Kupffer cells contributes to the release of 
a large quantity of reactive oxygen species (ROS) 
which stimulates NF-kB [4]. The increased activa- 
tion of NF-kB results in enhanced transcription of 
pro-inflammatory genes, which amplifies the sig- 
nals, accelerating a chemical cascade of reactions [4]. 
Therefore, it has been suggested that NF-kB plays 
an essential role during the acute phase of liver 
injury [5]. Paterson et al [6] showed that there was 
a definite relationship between the activity of NF-kB 
in granulocytes and neutrophils, and the mortality 
of patients suffering from systemic inflammatory 
response syndrome (SIRS). This indicates that NF-kB 
activity increases enormously in the early phase be- 
fore the clinical diagnostic criteria of SIRS have been 
met. Therefore, further understanding of NF-kB 
regulation will be important in preventing or mini- 
mizing acute inflammatory injury, and in finding an 
effective means to protect the liver. 

Ketamine is a unique agent which possesses ane- 
sthetic, sedative, and analgesic properties in addi- 
tion to its potent ability to suppress pro-inflamma- 
tory gene expression. Several investigators have 
determined that ketamine possesses anti-inflamma- 
tory activity [7-12]. Takenaka et al [7] have shown that 
ketamine diminished liver injury caused by lipopo- 
lysaccharide (LPS), and that this effect was accom- 
panied by inhibition of NF-kB activation. Sun etal [8] 
have demonstrated that ketamine has a suppres- 
sive effect on NF-kB activation after endotoxin ex- 
posure in vitro and in vivo. 

Although ozone is one of the most potent of all 
disinfectants, it often cannot inactivate pathogens 
in vivo because pathogens can be well protected 
by a powerful antioxidant system [13]. Ozone acts 
as a mild enhancer of the immune system by stim- 
ulating the synthesis of some cytokines [14]. Ozone 
reacts as soon as it is dissolved in plasma, and forms 
reactive oxygen species (ROS) and lipid oxidation 
products (LOPs) [15]. The crucial messenger ROS mo- 
lecule is hydrogen peroxide (H 2 0 2 ), which diffuses 
easily into the cytoplasm of mononuclear cells. Its 
sudden appearance in the cytoplasm acts as a short- 
acting ozone messenger responsible for activating 
tyrosine kinase which phosphorylates NF-kB, allo- 
wing the release of a heterodimer (p50 + p65), and 
eventually causing the synthesis of several proteins, 
among which are the acute-phase reactants and 
numerous interleukins [16]. Sen and Baltimore [17] 
first demonstrated that a sudden surge of intracy- 
toplasmic H 2 0 2 was responsible for the activation 
of NF-kB. By acting as long-distance messengers, 



LOPs can transmit the signal of an acute oxidative 
stress to all organs. Pawel [18] proposed that an 
ozone/oxygen mixture injected i.p. can restrict the 
development of septic shock by inhibiting NF-kB 
activation. The protective effects of ozone pre-condi- 
tioning are anti-inflammation, anti-oxidation, inhi- 
bition of cell apoptosis, and restriction of excessive 
oxidative stress caused by sepsis resulting in phys- 
iological intracellular balance between reduction 
and oxidation (redox) [19]. 

Ozone has been widely used in clinical therapy 
(especially in acute and chronic infectious diseases 
[20, 21]). However, to our knowledge, there is little in- 
formation available in the literature about its inter- 
action with other anti-inflammatory drugs. We there- 
fore hypothesized that the efficacy of ketamine could 
be influenced by ozone pre-conditioning through 
attenuation of NF-kB activity. To test this hypothesis, 
we measured NF-kB levels and examined the histo- 
logy of the liver in endotoxin-exposed rats. 

Material and methods 

Adult male Wistar rats (n = 40), weighing 230-250 g, 
used in this experiment were purchased from China 
Medical University, Shenyang, China. All animals were 
housed at room temperature, in iron cages, one group 
per cage, under 12 h artificial light/dark cycles [22]. 
Animals had free access to the standard laboratory 
chow and water. The study was approved by the 
Medicine Animal Studies Committee of China Medical 
University and was conducted according to China 
Medical University policy on animal experimentation. 

Experimental protocols 

All animals were allocated randomly to one of 
five groups (eight per group): 

I. A normal saline (NS) control group in which ani- 
mals received 0.2 ml of 0.9% NS (1 ml/kg body 
weight, i.p.). 

II. A lipopolysaccharide (LPS) group in which rats 
were treated with an intraperitoneal (i.p.) injec- 
tion of LPS from Escherichia coli 055:B5 at a dose 
of 20 mg/kg body weight (LPS in 2.5 ml NS), and 
then injected with 0.2 ml NS. 

III. A ketamine-treated group injected i.p. with LPS 
20 mg/kg (2.5 ml) followed immediately by keta- 
mine 5 mg/kg, i.p. (0.2 ml). 

IV. An 0 3 /0 2 + LPS + ketamine group treated with 
2% 0 3 /98% 0 2 produced by an Ozone Generator 
(Humazon, Germany) at a concentration of 2% 
(vol) (0.5 mg/kg, i.p.) (1 ml) from gaseous medical 
oxygen injected for 5 days followed by an infu- 
sion of LPS (20 mg/kg) (2.5 ml) 24 h after the last 
infusion. This was followed by an injection of ke- 
tamine (5 mg/kg, i.p.) (0.2 ml). 

V. An 0 3 /0 2 + LPS + NS group treated with 0 3 /0 2 gas 
mixture (1 ml), and injected with LPS (2.5 ml) as de- 
scribed above followed by 0.2 ml, NS injected i.p. 
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Table 1. Quantitation of NF-kE 
injury in rats (x±s,n = S) 


I in sepsis-induced liver 


Treatment 


Number NF-kB 


Normal saline group 


8 7.467 ±6.073 


LPS group 


8 37.139 ±19.294& 


Keta mine-treated group 


8 12.500 ±4.685&* 


0 3 /0 2 + LPS + ketamine group 


8 8.213 ±3.438*# 


0 3 /0 2 + LPS + NS group 


8 8.889 ±2.716*# 



& p < 0. 05 vs. group I, *p < 0.01 vs. group II, # p < 0.05 vs. group III by 
Dunnett t-test. The blood samples were taken to measure NF-kB levels 
in serum 2 h after the last treatment 

All rats were killed 2 h later by injection ip. of 
100 mg pentobarbital sodium. Liver fragments were 
harvested during autopsy, and immediately fixed in 
buffered formalin (pH 7.2) for paraffin embedding and 
hematoxylin-eosin staining [23]. Hepatic histology was 
evaluated under a BX-51 optical microscope (Olympus, 
Japan) by three independent experienced histologists 
who were blinded to the experimental groups. Sec- 
tions (5-6 pirn) for immunohistochemistry [24] were 
mounted on slides and incubated at 60°C for 30 min. 
The specimens were deparaffinized with xylene, re- 
hydrated, rinsed, and washed in PBS (pH 7.4) for 



30 min. The tissue samples were incubated for 20 min 
with monoclonal antibody against rat NF-kB p65 
(1 : 250) (Boster Biotechnology, China). The expec- 
ted molecular weight of rat NF-kB p65 is 70 kDa. 
All the antibodies were pre-diluted in Dako diluent 
with background-reducing solution before incuba- 
tion. The immunohistochemical reaction was carried 
out according to the manufacturer's instructions. 

Statistical analysis 

Data were expressed as mean ± SEM (eight per 
group). Statistical significance was determined by 
one-way analysis of variance (ANOVA) using SPSS 
11.5. Differences between groups at baseline were 
analyzed by a Dunnett f-test. Value of p < 0.05 was 
considered statistically significant. 

Results 

In all experiments, no causes of mortality were ob- 
served other than repeated infusion of the ozone/ 
oxygen mixture or solution. 
1) Under the microscope, the presence of NF-kB 
was visualized as buffy granules in the cytoplasm 




Figure 1. Histological damage in the sepsis model. A - Normal saline group; treated with an i.p. injection of LPS in 2.5 
ml NS. B- LPS group; treated with LPS (2.5 ml) and then treated with ketamine (0.2 ml). C- Ketamine group; treated 
with 0 3 /0 2 gas mixture (1 ml) for 5 days followed by an infusion of LPS (2.5 ml) 24 h after the last infusion, and then 
an injection of ketamine (0.2 ml). D - 0 3 /0 2 + LPS + ketamine group (H + E 400x) 
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or the nucleus of hepatocytes. The optical density 
value and locations are shown in Table I. Group 
I had quite low NF-kB staining, but this was mar- 
kedly increased after LPS injection in group II 
(p < 0.05). The NF-kB levels in groups III, IV, and 
V were significantly decreased compared with 
group II (p < 0.01). The NF-kB levels were signif- 
icantly decreased in group IV (p < 0.05) compared 
with group III, and almost equal to group I, but 
this difference was not statistically significant 
(p > 0.05). 

2) In group II, under the light microscope, histolog- 
ical damage was observed which was characteri- 
zed by disturbance of hepatic architecture, hepa- 
tic lobule distortion, congestion in liver sinusoids, 
hepatocyte swelling and necrosis, karyorrhexis 
and karyolysis, granulocyte infiltration, and accu- 
mulation (Figure 1 B). In group I, the morphology 
of hepatic lobules and hepatocytes was comple- 
tely normal, without neutrophilic granulocyte in- 
filtration (Figure 1 A). In group IV, the hepatocytes 
were slightly swollen and distended. The liver 
sinusoids were mildly expanded, but hepatic archi- 
tecture was intact, with normal liver cell mem- 
brane integrity, and little inflammatory cell infil- 
tration (Figure 1 D). Groups III and V displayed 
intact liver architecture, but hepatocytes were 
swollen and distended, with hydropic degenera- 




Figure 2. Immunohistochemical staining in the sepsis 
model. Liver tissue samples for immunohistochem- 
istry were incubated to determine the levels of 
NF-kB after i.p. injection of LPS. A - LPS group; treated 
with LPS (2.5 ml) and then treated with ketamine 
(0.2 ml). B - Ketamine group; treated with 1 ml 0 3 /0 2 
gas mixture for five days followed by LPS (2.5 ml) 
24 h after the last infusion, and then an injection of 
ketamine (0.2 ml). C - 0 3 /0 2 + LPS + ketamine (DAB 
staining, 400x) 

tion of some liver cells, compressed sinusoids, 
and a great quantity of inflammatory cells distri- 
buted in hepatic tissue (Figure 1 C). 
3) Immunohistochemical staining showed that in 
group II, there was NF-kB- positive staining in the 
cytoplasm and nuclei of hepatocytes, which sho- 
wed buffy granulation (Figure 2 E). In group III, 
the staining of NF-kB was less than in group II 
(Figure 2 F). Furthermore, the levels were signif- 
icantly decreased in group IV compared with 
groups II and III (Figure 2 G). 

Discussion 

In the current study, we focused on the local 
expression of the transcription factor NF-kB in the 
livers of rats in the setting of sepsis. The study de- 
monstrated that the changes in NF-kB levels were 
consistent with the histological changes in liver 
tissues. This suggests that NF-kB plays a pivotal 
role in the liver injury that occurs in septic rats. We 
assessed NF-kB because that transcription factor 
may be a marker of inflammatory response, immune 
reaction, and cell apoptosis [25]. It has been shown 
that inhibitors of NF-kB possess therapeutic poten- 
tial in individuals with inflammation or tumor devel- 
opment [26]. A better understanding of the role of 
NF-kB is important in designing future therapies to 
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prevent or minimize acute inflammatory injury 
associated with critical illness. 

The current experiments also showed that keta- 
mine independently suppresses NF-kB activation in 
the liver after endotoxin stimulation, which is con- 
sistent with a previous report by Taniguchi et al [27]. 
With regard to the dose selection, 5 mg/kg keta- 
mine is within the clinically effective range [28]. 
There is evidence that high doses of ketamine are 
toxic [29], and a dose of 10 mg/kg can cause rever- 
sible damage to the liver and kidneys in cats and 
dogs [30]. Because we wanted to focus mainly on 
the therapeutic effect, we selected 5 mg/kg. 

Intraperitoneal injection of an 0 3 /0 2 mixture 
might produce a direct effect on peritoneal macro- 
phages which generates the first line of defense 
against bacteria and/or its toxins. This in turn can 
cause the release of a variety of cytokines such as tu- 
mour necrosis factor a (TNF-a), interleukin a (IL-a), 
and interferon a (IFN-a), influencing the outcome 
of severe infections [31]. Although it acts as an oxi- 
dant, ozone also enhances the anti-oxidant capacity 
for overcoming critical inflammatory infections. 
Therefore, ozone concentrations can be beneficial 
or toxic [13]. The usual total dose of ozone in rats 
ranges from 0.5 to 1 mg/kg (i.e., 500 to 1000 Mg/kg). 
To avoid toxicity, we choose the lower threshold of 
500 Mg/kg 0 3 /0 2 , which when administered intra- 
peritoneal^ can inhibit the progress of sepsis. Furt- 
hermore, the applied dose of the gas mixture in our 
experiments was sufficiently high to permit detec- 
tion of the therapeutic anti-inflammatory effects 
on the liver. A previous article [32] reported an in- 
verse relationship between the dose of ozonized 
oxygen and the survival rate, with the lowest dose 
of ozone exhibiting the greatest effect on survival. 

In conclusion, the data indicate that decreases 
in NF-kB levels are associated with ketamine-me- 
diated amelioration of liver histological damage 
during sepsis. Administration of an 0 3 /0 2 mixture 
in septic rats may play an important role in mini- 
mizing liver injury. This amelioration of damage may 
be due to the regulation of cellular redox balance 
or a reduction in the incidence of sepsis. Based on 
these and other animal experiments on ozone [33], 
we speculate that pre-conditioning of patients by 
intraperitoneal injection of an 0 3 /0 2 gas mixture, 
especially when combined with ketamine, can im- 
prove the prognosis in sepsis. 
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